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Abstract 

Background  Minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) and endoscopic lumbar interbody 
fusion (Endo-LIF) are both minimally invasive interbody fusion procedures for lumbar degenerative diseases. In this 
study, we attempted to compare the clinical efficacy and postoperative outcomes of MIS-TLIF and Endo-LIF for lum-
bar degenerative diseases.

Methods  The study cohort comprised 99 patients with lumbar degenerative diseases treated by MIS-TLIF or Endo-LIF 
from January 2019 to July 2021. The clinical outcomes (visual analogue scale (VAS), Oswestry disability index (ODI), 
and MacNab criteria) preoperatively, 1 month postoperatively, 3 months postoperatively, and 1 year postoperatively 
were compared between the two groups.

Results  There were no significant differences between the two groups in sex, age, disease duration, affected 
spine segment, and complications (P > 0.05). The operation time was significantly longer in the Endo-LIF group 
than the MIS-TLIF group (155.25 ± 12.57 vs. 123.14 ± 14.50 min; P < 0.05). However, the Endo-LIF group had a sig-
nificantly smaller blood loss volume (61.79 ± 10.09 vs. 259.97 ± 14.63 ml) and shorter hospital stay (5.46 ± 1.11 vs. 
7.06 ± 1.42 days) than the MIS-TLIF group. In both groups, the ODI and VAS scores for lower back pain and leg pain 
were significantly lower at each postoperative timepoint than preoperatively (P < 0.05). Although there were no sig-
nificant differences between the two groups in the ODI and VAS scores for lower back pain and leg pain (P > 0.05), the 
VAS for lower back pain was lower in the Endo-LIF group than the MIS-TLIF group at each postoperative timepoint. 
The MacNab criteria showed that the improvement rate was 92.2% in the MIS-TLIF group and 91.7% in the Endo-LIF 
group, with no significant difference between the two groups (P > 0.05).
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Conclusions  There were no significant differences in short-term surgical outcomes between the MIS-TLIF and Endo-
LIF groups. Compared with the MIS-TLIF group, the Endo-LIF group incurred less damage to surrounding tissues, 
experienced less intraoperative blood loss, and had less lower back pain, which is more conducive to recovery.

Keywords  Minimally invasive transforaminal lumbar interbody fusion, Endoscopic lumbar interbody fusion, Lumbar 
degenerative diseases

Background
Lumbar interbody fusion is effective for the treatment of 
lumbar degenerative diseases, such as lumbar spinal ste-
nosis, lumbar disc herniation, and lumbar spondylolis-
thesis. Typically, open interbody fusion is considered 
the preferred therapy. With the development of poste-
rior lumbar interbody fusion and transforaminal lum-
bar interbody fusion (TLIF) in the 1950s, the posterior 
approach has been widely recognized as a typical surgical 
procedure [1–3]. However, the posterior approach is still 
unacceptable to many patients due to the significant pain, 
tissue damage, and postoperative complications associ-
ated with open surgery [4].

Advances in surgical techniques have led to the intro-
duction of minimally invasive TLIF (MIS-TLIF) [5]. 
MIS-TLIF is considered an effective alternative to open 
surgery, as the paravertebral structures are adequately 
protected under the channel. Compared with tradi-
tional open surgery, MIS-TLIF has the advantages of less 
trauma, less bleeding, and faster recovery [6–8]. How-
ever, MIS-TLIF also has the disadvantages of a limited 
working space and field of vision, and the problem of 
tissue damage due to the use of dilating tubes that may 
cause extrusion of the surrounding muscles [9].

In recent years, with the widespread use of endoscopic 
techniques, endoscopic lumbar interbody fusion (Endo-
LIF) has become a new treatment option for lumbar 
degenerative diseases [10]. The efficacy of Endo-LIF in 
minimizing tissue damage, reducing blood loss, and less-
ening pain has been well reported [11–13]. Endo-LIF is 
the basis for other endoscopic fusion procedures. How-
ever, in contrast to other endoscopic fusion procedures 
through posterolateral approach like Endoscopic-TLIF 
(endoscopic transforaminal lumbar interbody fusion, 
Endo-TLIF), Endo-LIF does not require the removal of 
the superior and inferior facet joints, or removes a lit-
tle amount of superior articular process, and enables the 
surgeon to reach the disc directly through Kambin’s tri-
angle to decompress the area [14]. Therefore, this new 
technique theoretically causes less muscle damage and 
less intraoperative blood loss and facilitates the preser-
vation of posterior structures compared with MIS-TLIF. 
However, there is no objective evidence comparing the 
clinical outcomes of the two fusion techniques. The 
aim of the present study was to compare MIS-TLIF and 

Endo-LIF to demonstrate the clinical efficacy of Endo-
LIF for degenerative diseases.

Methods
Patient characteristics
We retrospectively reviewed 99 patients surgically treated 
for lumbar degenerative disease from January 2019 to 
July 2021. Among these patients, 51 received MIS-TLIF 
and 48 received Endo-LIF. The surgeries were performed 
by two fellowship-trained surgeon groups with exten-
sive experience separately. The cohort comprised 56 
men and 43 women with a mean age of 57.6 years (range 
45–73 years) and a mean disease duration of 16.2 months 
(range 7–23  months). The lumbar degenerative levels 
were L3/4 in 14 patients, L4/5 in 21 patients, L5/S1 in 26 
patients, L3–L5 in 17 patients, L4–S1 in 18 patients, and 
L2–L5 in 3 patients. There were no significant differences 
between the MIS-TLIF and Endo-LIF groups in sex, age, 
duration of disease, and degenerative levels (Table  1; 
P > 0.05).

Inclusion and exclusion criteria
The inclusion criteria were (1) persistent neurological 
symptoms after more than 3  months of conservative 
therapy; (2) lumbar disc herniation with instability; (3) 

Table 1  Patient basic information

MIS-TLIF group Endo-LIF group P

Gender (male:female) 30:21 26:22 0.322

Age (y) 57.32 ± 7.10 57.65 ± 7.89 0.908

Levels 0.974

 L3/4 7 7 > 0.05

 L4/5 11 10

 L5/S1 14 12

 L3–L5 8 9

 L4–S1 9 9

 L2–L5 2 1

Disease duration 15.88 ± 4.14 16.10 ± 4.09 0.399

Clinical diagnosis > 0.05

 Lumbar disc herniation 14 11

 Lumbar spondylolis-
thesis

12 11

 Lumbar spinal stenosis 25 26
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degree I or II spondylolisthesis based on radiography, 
CT, and MRI; (4) foraminal stenosis or central canal 
stenosis; (5) cartilage endplate inflammation.

The exclusion criteria were (1) previous lumbar sur-
gical treatment; (2) severe spinal deformity; (3) severe 
lumbar spinal stenosis or severe lumbar instability 
with spondylolisthesis greater than degree II; (4) severe 
underlying disease that prevented surgical treatment; 
(5) tumour, infection, or severe osteoporosis; (6) loss of 
vertebral space height greater than 30%; (7) unwilling-
ness or inability to participate in treatment and com-
plete follow-up.

Surgical techniques
MIS‑TLIF group
The patient was placed in the prone position under 
general anaesthesia. The target disc space and location 
of the incision were identified using C-arm fluoros-
copy. A skin incision of 3–4 cm was created just lateral 
to the midline. After fully exposing the superior and 
inferior facet joints of the diseased segment, the infe-
rior facet and medial margins of the superior facet were 
removed with rongeur forceps. If necessary, part of the 
superior margin of the inferior lamina was removed to 
completely decompress the spinal canal and nerve root 
canal. Discectomy and endplate preparation was per-
formed with a shaver. The inferior and superior facets 
were removed as bone particles and mixed with alloge-
neic bone before a cage was inserted into the interver-
tebral space (Fig.  1). Finally, the pedicle screws were 

inserted percutaneously and longitudinal titanium rods 
were attached.

Endo‑LIF group
The patient was placed in the prone position under 
general anaesthesia and the entry point was determined 
using the Yeung endoscopic spine system technique. 
The cephalic tilt of the puncture was maintained at an 
angle of 0°–10°. In the L5/S1 segment, if the puncture 
site was difficult to access due to iliac crest occlusion or 
L5 transverse process hypertrophy, the surgeon instead 
used the Tom needle or reduced the paracentral dis-
tance between the entry point and the midline of the 
spinous process. Care was taken to accurately measure 
the paracentral distance in the coronal position and 
the maximum safe angle in the sagittal position preop-
eratively on MRI and CT of the affected segment. To 
ensure optimal implantation of the cage, repeated X-ray 
fluoroscopy was performed to ensure that after the 
puncture needle had passed through Kambin’s triangle, 
the end of the needle was located in the anterior 2/3 of 
the disc in the lateral view and past the spinous pro-
cess midline in the frontal view. The dilator was placed 
along the puncture needle and guidewire to establish a 
working channel between the skin and the affected disc. 
The ideal situation was a 10–12-mm channel in half 
of the disc. The foraminotomy was performed using a 
trephine to remove part of the ventral superior facet 
and preserve it for bone grafting. The disc tissue and 
endplate were removed with rongeurs and a scraper 
(Fig.  2). A nerve retractor was placed dorsally in the 
channel and offset towards the head of the patient to 

Fig. 1  Typical case 1. A 66-year-old female with low back pain and left lower limb radiating pain for 2 years, aggravating for 6 months. Sagittal and 
axial MRI show disc herniation at L4/5 level (a, b). Lateral X-ray demonstrates reduced intervertebral height at L4/5 level (c). Postoperative surgical 
incision (d). Anteroposterior and lateral X-ray one month after surgery (e, f). Anteroposterior and lateral X-ray 1 year after surgery (g, h)
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protect the exiting nerve root and allow more room 
for manipulation. When possible, the surgeon placed a 
small amount of allogeneic bone combined with decal-
cified dental matrix (BMP-2) to reduce the risk of non-
fusion. The surgeon then placed the appropriately sized 
cage under fluoroscopic surveillance and protection 
with a nerve retractor. Secondary endoscopic explora-
tion of the spinal canal and nerve root cleaning were 
then performed to ensure that the dura and nerve roots 
were not compressed (Figs.  3, 4). Finally, the bilateral 
pedicle screws were inserted percutaneously under 
fluoroscopy at the affected segment.

Outcomes
The patients were followed up at 1, 3, and 12  months 
postoperatively by clinical visits. The surgery duration, 
intraoperative blood loss volume, duration of hospitali-
zation, postoperative complications, Oswestry Disability 
Index (ODI), and visual analogue scale (VAS) scores for 
lower back pain and leg pain were compared between the 
two groups. A higher VAS score (maximum 10) indicates 
more severe pain, while a higher ODI score (maximum 
50) indicates poorer quality of life. The clinical out-
come was evaluated by the MacNab criteria, and fusion 
rates were assessed on imaging performed at the final 
follow-up.

Fig. 2  Typical case 2. A 53-year-old male with recurrent low back pain accompanied by right lower limb radiating numbness and pain for 
six months, aggravating for 10 days. Sagittal MRI and CT show disc herniation and instability at L4/5 level (a, b). Achieve the foraminoplasty 
and laminectomy to have enough room for decompression (c). Clear the disc space with a scraper (d). Test and adjust the mould of cage by 
intraoperative fluoroscopy (e). Implant cage with working channel or nerve root retractor (f). Perform secondary endoscopic exploration and clear 
the disc space (g). Postoperative surgical incision (h). Lateral X-ray one month after surgery (i). Lateral X-ray 1 year after surgery (j)

Fig. 3  Typical case 3. A 66-year-old female with low back pain for 10 years, aggravating with lower limbs numbness and soreness for six months. 
Sagittal MRI shows disc herniation at L3/4 and L4/5 levels, and endplate degeneration with reduced intervertebral height at L4/5 level (a). Axial 
MRI show spinal stenosis at L3/4 and L4/5 levels (b, c). Hyperextension X-ray demonstrates instability at L3/4 and L4/5 levels (d). Place the working 
channel and perform the foraminoplasty (e). Implant the cage and then make secondary decompression (f, g). Anteroposterior and lateral X-ray 
one month after surgery (h, i). Lateral X-ray 1 year after surgery (j)
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Statistical analysis
All data were statistically analysed using SPSS 
19.0 software, and the measures were expressed as 
mean ± standard deviation. The t test was used to com-
pare the means of two independent samples between 
groups, while ANOVA was used to compare the 
means of multiple samples. Comparisons of count data 
between groups were made using the χ2 test. P < 0.05 
was considered statistically significant.

Results
The surgery was completed in all patients. The opera-
tive time, intraoperative blood loss volume, hospital 
stay, postoperative fusion rate, and postoperative com-
plications in both groups are detailed in Tables  2 and 
3. The operative time and fluoroscopy time were sig-
nificantly longer in the Endo-LIF group than the MIS-
TLIF group (P < 0.05). However, the Endo-LIF group 
had a significantly smaller intraoperative blood loss 
volume and significantly shorter hospital stay than the 
MIS-TLIF group (P < 0.05). There was no significant 

difference in the surgical complications between the 
two groups (P > 0.05).

Patients in both groups were assessed postopera-
tively for a mean follow-up period of 16.3  months 
(range 12–25  months). Compared with the preopera-
tive values, there were significant reductions in the VAS 
scores for lower back pain and leg pain and the ODI at 
all postoperative timepoints in both groups (P < 0.05). 
Although there were no significant differences between 
the two groups in the preoperative VAS scores for 
lower back pain and leg pain, ODI, and postoperative 
fusion rate (P > 0.05), the Endo-LIF group had lower 
VAS scores for lower back pain than the MIS-TLIF 
group at all follow-up timepoints. The MacNab crite-
ria at 1 year postoperatively showed that the prevalence 
of excellent spinal stability was 92.2% in the MIS-TLIF 
group, including 38 patients with excellent stability, 9 
with good stability, and 4 with fair stability; the preva-
lence of excellent spinal stability in the Endo-LIF group 
was 91.7%, including 35 patients with excellent stability, 
9 with good stability, and 4 with fair stability (Fig.  5). 
The spinal stability based on the MacNab criteria did 

Fig. 4  Typical case 4. A 51-year-old female with recurrent low back pain for more than 10 years, aggravating with right lower limb pain and 
numbness for 3 years. Sagittal MRI shows disc herniation at L5/S1 level and spondylolisthesis at L4/5 level (a). Axial MRI shows disc herniation at L5/
S1 level (b). Place the working channel and perform the foraminoplasty (c). Implant the cage (d). Make secondary decompression at L4/5 level (e) 
and L5/S1 level (f). Anteroposterior and lateral X-ray one month after surgery (g, h). Lateral X-ray three months after surgery (i). Lateral X-ray 1 year 
after surgery (j)

Table 2  Perioperative parameters

MIS-TLIF group Endo-LIF group P

Operative time (minute) 123.13 ± 14.50 155.25 ± 12.97 < 0.001

Blood loss (ml) 259.97 ± 14.63 61.79 ± 10.09 < 0.001

Intraoperative fluoros-
copy time (second)

29.13 ± 3.05 42.94 ± 21.63 < 0.001

Hospital stays (day) 7.06 ± 1.42 3.46 ± 1.11 < 0.001

Interbody fusion rate 50 (98.0%) 47 (97.9%) > 0.05

Table 3  Complications postoperatively

MIS-TLIF 
group

Endo-LIF 
group

P

Residual nucleus pulposus 0 1 0.766

Exiting nerve root injury 0 2

Traversing nerve root injury 3 0

Dural tears 3 2

Infection 0 0

Non-fusion of the cage 1 1
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not significantly differ between the two groups (Table 4; 
P > 0.05).

Discussion
Lumbar degenerative disease is a common disorder 
that causes various neurological symptoms. With the 
advances in minimally invasive spinal surgery techniques, 

minimally invasive surgery has become the preferred 
treatment for lumbar degenerative disease. Since MIS-
TLIF was first proposed by Foley in 2002 [10], it has 
gained in popularity owing to its great advantages. A 
comparative study showed that the MIS-TLIF group 
experienced less injury and recovered sooner after sur-
gery for lumbar degenerative disease than open TLIF 
[15]. In addition, MIS-TLIF retains the advantage of 
direct and adequate decompression of the canal, which 
allows for more adequate nerve decompression through 
the intervertebral foramen and has a wider range of indi-
cations for more complex degenerative lumbar diseases 
[16]. As a result, MIS-TLIF has become an effective alter-
native to open surgery in recent years [17, 18].

With the widespread use of endoscopy in spinal ther-
apy, Osman et al. [19] first reported a technique of endo-
scopic transforaminal decompression, interbody fusion, 
and percutaneous pedicle screw implantation for lumbar 
degenerative disc disease, which is known as Endo-LIF. In 
the study by Osman et al. [19], 29.6% of patients achieved 
strong fusion and 36.2% had a stable internal fixation sys-
tem; the reason for the relatively low fusion rate may be 
related to the absence of an implanted cage and autolo-
gous bone. Wang et  al. [20] reported 10 cases of endo-
scopic transforaminal approach interbody fusion, with no 
intraoperative or postoperative complications and a 100% 
fusion rate. The authors concluded that Endo-LIF may be 
an alternative to conventional fusion therapy [20]. Endo-
LIF uses a channel through Kambin’s triangle and thus 
does not require the osseous channel from the posterior 
or posterolateral approach that is needed in currently 
emerging endoscopic techniques, like unilateral biportal 
endoscopy. The absence of the need to remove the facet 
joint in Endo-LIF reduces the difficulty of the procedure 

Fig. 5  Typical case 5. An 82-year-old male with left hip pain and left lower limb numbness for over a year. Sagittal MRI shows disc herniation 
at L5/S1 level and spondylolisthesis at L4/5 level (a). Axial MRI show severe spinal stenosis at L4/5 and L5/S1 levels (b, c). Hyperextension X-ray 
demonstrates instability at L4/5 and L5/S1 levels (d). Finish the decompression and implant cage to intervertebral space (e, f). Anteroposterior and 
lateral X-ray one month after surgery (g, h). Anteroposterior and lateral X-ray 1 year after surgery (i, j)

Table 4  Comparison of follow-up outcomes in group Endo-LIF 
and group MIS-TLIF

VAS—visual analogue scale, ODI—Oswestry Disability Index

MIS-TLIF group Endo-LIF group P

VAS of low-back pain

 Preoperative 5.89 ± 0.68 5.70 ± 0.91 0.057

 1 month postoperative 2.48 ± 0.28 2.42 ± 0.33 0.306

 3 months postoperative 1.97 ± 0.20 1.90 ± 0.22 0.090

 12 months postopera-
tive

1.29 ± 0.17 1.23 ± 0.19 0.167

VAS of leg pain

 Preoperative 5.56 ± 0.53 5.47 ± 0.34 0.347

 1 month postoperative 1.28 ± 0.28 1.23 ± 0.21 0.297

 3 months postoperative 0.92 ± 0.17 0.86 ± 0.16 0.064

 12 months postopera-
tive

0.78 ± 0.12 0.78 ± 0.16 0.972

ODI

 Preoperative 54.88 ± 3.43 54.07 ± 3.28 0.261

 1 month postoperative 44.95 ± 3.32 43.66 ± 2.46 0.074

 3 months postoperative 20.61 ± 2.33 21.21 ± 2.30 0.167

 12 months postopera-
tive

10.87 ± 2.02 11.48 ± 2.15 0.156

MacNab

 12 months postopera-
tive

38:9:4:0 35:9:4:0 > 0.05
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and the probability of iatrogenic nerve injury and insta-
bility. Similarly to MIS-TLIF, Endo-LIF has the advantage 
of being minimally invasive, in addition to other advan-
tages such as a quicker recovery, shorter duration of hos-
pitalization, and lower costs [21]; however, no study has 
compared the specific clinical outcomes of MIS-TLIF 
and Endo-LIF.

In our study, we retrospectively compared a group of 
patients treated with Endo-LIF versus a group treated 
with MIS-TLIF. Compared with the MIS-TLIF group, 
the Endo-LIF group had significantly less intraopera-
tive blood loss and a shorter hospital stay, but a longer 
operative time and fluoroscopy time. Although the VAS 
scores, ODI, MacNab criteria, and postoperative fusion 
rate at 1 year postoperatively were similar in both groups, 
the Endo-LIF group had less trauma to the surrounding 
tissues and had lower VAS scores for lower back pain 
than the MIS-TLIF group at all postoperative timepoints. 
Jung et  al. [22] performed a meta-analysis to compare 
the results of full-endoscopic lumbar interbody fusion 
and MIS-TLIF for lumbar degenerative disease in a total 
cohort of 423 patients. The authors concluded that the 
immediate results of full-endoscopic lumbar interbody 
fusion were favourable in terms of blood loss and VAS 
for back pain compared with MIS-TLIF, although there 
were no differences between the two techniques in com-
plications, short- or medium-term clinical outcomes, and 
fusion rates. Our findings are in agreeance with the find-
ings of Jung et al. [21]

The complication rate for totally endoscopic lum-
bar interbody fusion has been reported to be 13.2% 
(range 0–38.6%) [23]. In our study, two patients had 
signs of exit nerve root injury after Endo-LIF, and their 
symptoms were relieved after 1  month of conservative 
therapy and functional exercise. To reduce this compli-
cation, we used a trephine instead of a drill to perform 
root-forming arthroplasty. In our clinical experience, 
none of the patients who have undergone this modified 
procedure have had extrusion of the exit nerve root. In 
addition, one patient in the Endo-LIF group had residual 
nucleus pulposus, which may have been due to incom-
plete microscopic nerve root and endplate treatment; 
secondary decompression is recommended for this issue. 
Further endoscopic exploration of the spinal canal and 
nerve root cleaning should be performed after the cage 
is inserted to prevent bone and nucleus pulposus from 
entering the spinal canal. We also noted that one patient 
in each group had non-fusion of the cage at the 1-year 
follow-up. We attributed this complication to the follow-
ing three possible causes. (1) Cage subsidence owing to 
collapse of the endplate. In the process of propping up 
the vertebral space and bone grafting, endplate injury 
is a common complication, especially in osteoporotic 

patients. Therefore, it is important to match the cage 
perfectly with the channel. It is advisable to place the 
corresponding type of cage under fluoroscopic surveil-
lance and protection with a nerve retractor. In addition, 
attention should be paid to the angle of bone graft entry 
to prevent accidental injury to the endplate. (2) Incom-
plete removal of the endplate, which is very likely to lead 
to non-fusion. In our experience, it is best to use a hook 
and curette instead of a reamer, as this will clean the end-
plate efficiently and thoroughly and make full use of the 
advantages of Endo-LIF to ensure satisfactory endplate 
cleaning by direct visualization. (3) Inappropriate autolo-
gous bone grafting. The choice of bone graft largely influ-
ences the postoperative fusion. While a large amount of 
autologous bone is obtained during MIS-TLIF, only a lit-
tle of the facet joint is cut during Endo-LIF. Therefore, we 
empirically used allogeneic bone combined with decal-
cified dental matrix (BMP-2) in Endo-LIF to effectively 
shorten the fusion time and improve the success rate of 
fusion. The other common complications were cerebro-
spinal fluid leakage and dural tears, which did not occur 
at a high rate in the present study.

There are still some limitations of Endo-LIF. Firstly, for 
some severe lumbar degenerative diseases, such as severe 
spinal stenosis, severe lumbar spondylolisthesis, and 
foraminal stenosis, MIS-TLIF may be more appropriate 
because Endo-LIF may not be able to achieve adequate 
microscopic decompression. Secondly, the operative time 
was significantly longer in the Endo-LIF group than the 
MIS-TLIF group. Although endoscopic techniques have 
improved considerably, the surgical instruments used in 
Endo-LIF may require a longer operative time. Further-
more, Endo-LIF may require more fluoroscopic examina-
tions to locate the incision and check the placement of 
the cage, which exposes the Endo-LIF group to a higher 
dose of radiation than the MIS-TLIF group. Thirdly, the 
amount of removal of facet joint was less in the Endo-
LIF group than the MIS-TLIF group. BMP-2 was added 
to allogeneic bone grafts for better fusion in the Endo-
LIF group, which might lead to statistical bias. Fourthly, 
Endo-LIF is technically challenging and requires a long 
learning period. The learning time of the technique and 
the surgeon’s skills also affect the postoperative recovery 
and complications [24]. Finally, the number of patients in 
the two groups was relatively small, and all patients in the 
study were only followed for less than 25 months. So that, 
a larger sample with a longer follow-up time are needed 
to make definitive clinical conclusions.

Conclusions
The safety and clinical efficacy of MIS-TLIF and 
Endo-LIF do not differ significantly in the short- or 
medium-term. The Endo-LIF group has less damage 
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to surrounding tissues, less intraoperative blood loss, 
and less postoperative back pain, which is better for the 
patient’s recovery in the long-term.
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